Background: Clinical practice guidelines have been slowly and inconsistently applied in clinical practice, and certain evidence-based, guideline-driven therapies for heart failure (HF) have been significantly underused. The purpose of this study was to survey guideline compliance and its effect on clinical outcomes in the treatment of systolic HF in Korea.
Introduction
Despite extensive evidence and recommendations from clinical trials, heart failure (HF) remains a substantial cause of morbidity and mortality. Pharmacological therapy including administration of angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor II blocker (ARB), beta-blocker (BB), and aldosterone receptor antagonist (AA) can reduce morbidity and mortality in patients with HF. However, this evidence-based, guideline-driven medication is significantly underused. Treatment guideline adherence is an important predictor of clinical deterioration. [1, 2] To enhance treatment adherence in HF patients, performance improvement programs have been established, and improvement of performance measures is important to improve patient care and outcomes. [3] [4] [5] However, treatment adherence varies depending on age, sex, race, and socioeconomic status. [6, 7] In addition, ethnic and racial differences in etiology, outcome, and response to therapy in HF patients have been demonstrated, so the clinical benefits of evidence-based drug therapy for different circumstances must be validated. [8] [9] [10] The major clinical effects of evidencebased drug therapy were evaluated especially in the western population. [1, [11] [12] [13] [14] The Asia-Pacific region is very diverse in terms of living standards, ethnicity, and population. However, little is known about the adherence to HF-recommended medication in the follow-up period and its effects on clinical outcomes in patients with HF, especially in Asian countries. [15] [16] [17] Hence, we evaluated guideline adherence in the treatment of systolic HF and the effect of adherence to pharmacologic treatment on mortality and hospitalization rates in Korea.
Materials and Methods

Ethics statement
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Definition of treatment adherence
Performance measures were modified using the definitions defined by the American College of Cardiology/American Heart Association clinical performance measures for adults with chronic HF, the Joint Commission on Accreditation of Healthcare Organizations, the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTI-MIZE-HF) study, and the Medical Management of Chronic Heart Failure in Europe and Its Related Costs (MAHLER) survey. [1] [2] [3] We added a performance measure for AAs, as suggested by recent European Society of Cardiology (ESC) HF guidelines, because they have been proven to benefit patients with HF. [5, 18] The guideline adherence indicator (GAI) such as 0/3, 1/3, 2/3, and 3/ 3 was defined as a modified validated performance measure on the basis of 3 pharmacological classes (ACEI or ARB, BB, and AA). [1, 11, 12] We divided patients into 2 groups: those with good guideline adherence (GAI $50%, 2/3, and 3/3) or poor guideline adherence (GAI ,50%, 0/3, and 1/3), based on overall GAI.
Clinical outcomes
Ninety-day and 1-year mortality, re-hospitalization, and combined mortality/re-hospitalization rates were collected. Mortality was defined as death from any cause. Re-hospitalization was defined as an admission by aggravated HF after survival discharge.
Statistical analyses
Statistical analyses were performed using SPSS version 21.0 (IBM, USA). Continuous variables were expressed as the mean 6 standard deviation. Categorical variables were expressed as absolute numbers and percentages. To adjust for significant covariates, multivariable models were developed for post-discharge all-cause mortality and morbidity. We used binary logistic regression models to estimate unadjusted and adjusted relationships between each performance measure and patient outcome. The unadjusted models included only each component of the performance measures as a predictor. The adjusted models were controlled for baseline demographic characteristics and clinical characteristics. These included age; sex; history of HF, ischemic heart failure, diabetes mellitus, and peripheral vascular disease; diastolic blood pressure; blood urea nitrogen (BUN); serum creatinine, sodium, and potassium levels; hemoglobin levels; and the New York Heart Association (NYHA) functional classification. Kaplan-Meier analyses were used to compare between endpoints such as mortality, re-hospitalization, and mortality/re-hospitalization, and each component of performance measures/guideline adherence. The log-rank test was used to test for differences in unadjusted survival curves. A two-sided P value of ,0.05 was considered significant. Forest plots were performed using GraphPad Prism version 5.03 (GraphPad Software, La Jolla, CA, USA).
Results
Baseline characteristics of patients
The SUGAR study enrolled 1319 patients. Among this population, 8 patients with inadequate echocardiographic data for LVEF and 11 patients without clinical follow-up data were excluded. Among the 1300 patients with clinical follow up, 3 inhospital mortality cases were excluded to restrict the influence of underlying disease severity on the benefits of discharge medications. Finally, 1297 patients (98.3%) who survived during hospitalization and had follow-up data were evaluated (Figure 1) .
The baseline clinical and laboratory characteristics of the study population are presented in Table 1 . The median age of the study population was 69 years, and the percentage of men was 56.3%. The percentage of patients graded as NYHA classification III or IV was 68.0%, and 40.2% of the patients had ischemic heart ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BB, beta-blocker; AA, aldosterone antagonist; CI, confidence interval; HR, hazard ratio; NYHA, New York Heart Association *Adjusted for age; history of heart failure, ischemic heart failure, diabetes mellitus, and peripheral vascular disease; diastolic blood pressure; blood urea nitrogen; serum creatinine, sodium, and potassium; hemoglobin levels; and NYHA functional classification. doi:10.1371/journal.pone.0086596.t003
disease. The median ejection fraction on echocardiography was 29.7%. At hospital admission, 29.5% of the patients had atrial fibrillation. The most common comorbid condition was hypertension (58.4%), and 43.3% of the patients had a history of HF.
Performance measures and clinical outcomes
At discharge, treatment adherence was highest with ACEI or ARB (89.7%), followed by BB (69.2%) and AA (65.9%). The most commonly prescribed ACEI was ramipril (22.5%), followed by perindopril (12.5%); the most commonly prescribed ARB was candesartan (14.0%), followed by losartan (11.7%); and the most commonly prescribed BB was carvedilol (74.1%), followed by bisoprolol (17.7%) ( Table 2 ). The only AA administrated was spironolactone, because eplerenone was not available in Korea until now. The following GAI values were calculated: 1.5% (0/3, n = 20), 15.8% (1/3, n = 205), 39.0% (2/3, n = 506), and 43.6% (3/3, n = 566). Finally, 82.7% of the patients had good guideline adherence (n = 1072).
After exclusion of in-hospital mortality cases, survivors (n = 1297) at discharge were followed up for a median of 272 days (interquartile range, 65-366 days). Among these survivors, the mortality rate was 2.3% (n = 30) at 90 days and 6.2% (n = 80) at 1 year. The prevalence of re-hospitalization was 18.8% (n = 244) at 90 days and 37.4% (n = 485) at 1 year. The prevalence of combined mortality/re-hospitalization was 19.6% (n = 254) at 90 days and 38.7% (n = 502) at 1 year. Table 3 shows the relationships between treatment performance measures and clinical outcomes at 90 days and 1 year. Before adjustment, ACEI or ARB use at discharge was significantly associated with rehospitalization and combined mortality/re-hospitalization rates at 90 days and 1 year. However, BB use at discharge was only significantly associated with mortality rates at 90 days and 1 year. Moreover, AA use at discharge was not significantly associated with any clinical outcomes. After adjusting for baseline demographic an clinical characteristics, BB administration was significantly associated with mortality (hazard ratio [HR], 0.371; 95% confidence interval [CI], 0.175-0.786; p = 0.010) at 90 days, and AA administration was significantly associated with increased rehospitalization (HR, 1.366; 95% CI, 1.016-1.838; p = 0.039) at 90 days. When we adopted AA eligibility (estimated glomerular filtration rate .30 mL N min 21 N 1.73 m 22 and serum potassium ,5.0 mmol/L) for analysis, there was no statistical significance (HR, 1.465; 95% CI, 0.918-2.338, p = 0.109). Figure 2 shows the Kaplan-Meier curves for mortality and rehospitalization according to guideline adherence for 1 year after discharge. Compared to poor guideline adherence, good guideline adherence was associated with reduced mortality (94.7% vs. 89.8%, log-rank p = 0.003, Figure 2A ) and re-hospitalization rates Figure 2 . Unadjusted event-free curves for overall mortality and re-hospitalization in HF patients with good and poor guideline adherence at discharge. (A) overall mortality and (B) re-hospitalization. HF, heart failure; Good, good guideline adherence; Poor, poor guideline adherence; Line, good guideline adherence; dotted line, poor guideline adherence. doi:10.1371/journal.pone.0086596.g002 (62.3% vs. 56.4%, log-rank p = 0.041, Figure 2B ) during the 1-year follow up. In unadjusted Cox regression analysis, good guideline adherence was related to lower mortality at 90 days and lower mortality, re-hospitalization, and combined morality/re-hospitalization at 1 year. After adjustment, good guideline adherence was associated with reduced mortality at 90 days (HR, 0.269; 95% CI, 0.127-0.570, p = 0.001) and 1 year (HR, 0.574; 95% CI, 0.347-0.951, p = 0.031) ( Table 3) . Figure 3 shows forest plots for adjusted Cox regression analysis for mortality at 1 year in subgroups according to guideline adherence. Good guideline adherence was related to lower mortality at 1 year, especially in the patients without hypertension (HR, 0.279; 95% CI, 0.137-0.565, p , 0.001), without diabetes mellitus (HR, 0.408; 95% CI, 0.220-0.757, p , 0.001), and without prior HF (HR, 0.295; 95% CI, 0.144-0.606, p , 0.001).
Discussion
This is the first national representative data in systolic HF patients in Asia. Moreover, we evaluated the overall adherence to HF performance measures as well as the relationship between guideline adherence and clinical outcomes in hospitalized systolic HF patients in Korea for the first time. We found that the guideline adherence, according to performance measures, in ''real practice'' was relatively high compared to that of a previous retrospective registry, Korean Heart Failure Registry (KorHF Registry) in Korea. [17] We also found that prescription of ACEI or ARB and BB at discharge was associated with reduced early and mid-term clinical outcomes, but the use of AA was associated with increased early re-hospitalization rate. These findings are consistent with recent data from Western studies and provide important implications for improvement in quality of life. [19] Most large-scale registry databases mainly have information on patients in the USA and Europe. [20] [21] [22] [23] Recently, some limited information has become available on the characteristics and outcomes of hospitalized HF patients in Asia. [15, 17, 24, 25] The baseline characteristics and administration rates of ACEI or ARB and BB in SUGAR are comparable to those of other registries, such as the Acute Decompensated Heart Failure National Registry, [21] OPTIMIZE-HF, [23] EuroHeart Failure Survey, [20, 22] or the Japanese Cardiac Registry of Heart Failure in Cardiology. [15] The administration rates of AAI/ARB and BB were remarkably increased in our study compared with the results of the KorHF Registry data (ACEI/ARB, 68.0% to 89.7%; BB, 40.9% to 69.2%). [17, 24] In particular, compared with other HF registry studies, the use of AA was higher in SUGAR, consistent with previous Korean registry findings. [17, 24] There has been increasing evidence of a relationship between evidence-based performance measures and outcomes, especially in Western countries. [1, [11] [12] [13] [14] 26] However, further efforts are needed to clarify this relationship, because of the heterogeneity of study designs, study population, and the definition of performance measures. Additionally, ethnic or racial differences must be a concern because ethnic and racial differences in etiology, outcome, and response to therapy in HF patients have been demonstrated. Our study is the first study to demonstrate the relationship between evidence-based treatment adherence and clinical outcomes in Asian countries. We found that guidelinerecommended drug adherence was related with reduced short/ mid-term mortality in Korean systolic HF patients. Although we adopted the current ESC guideline, which widened AA indications in HF patients with mild symptoms, we also showed the prognostic importance of guideline adherence in the fully adjusted Cox regression model, which was consistent with previous reports. [1, [11] [12] [13] [14] In subgroup analysis, guideline adherence was more closely related to lower mortality in low-risk HF patients (e.g., no comorbidity, no prior HF admission history). Therefore, early, guideline-recommended medical therapy should be considered in newly diagnosed HF patients.
The Randomized Aldactone Evaluation Study (RALES) demonstrated that spironolactone reduces the risk of mortality and morbidity in patients with systolic HF. [27] In the Eplerenone in Mild Patients Hospitalization and Survival Study in Heart Failure (EMPHASIS-HF) study, eplerenone also reduced both the risk of death and hospitalization in systolic HF patients with mild symptoms. [18] Following this line of evidence, current ESC guidelines recommend the use of mineralocorticoid/AA (eplerenone and spironolactone) in HF patients with reduced LVEF. [5] However, the patients in the RALES and EMPHASIS-HF trial were clearly different from those in the current study, and the relationship between AA and clinical outcome could be different. First, AA use at discharge was associated with increased rehospitalization at 90 days in multivariable Cox regression analysis. This may have resulted from hyperkalemia-associated morbidity, considering the relatively high administration rate of AA in our study. [28] The significant association between AA administration and increased re-hospitalization at 90 days disappeared after considering AA eligibility; thus, our study reasserted the guidelinerecommended adherence to AA. Adequate administration of AA may be related to reduced hyperkalemia-associated re-hospitalization at an early period after hospitalization. Second, we could not find any clinical benefit of AA in systolic HF patients. This finding may be attributed to the lack of differences in clinical benefit between the 2/3 and 3/3 GAI groups in SUGAR (data not shown). Recent studies have also suggested that AA administration does not benefit clinical outcomes. Lund et al. reported that spironolactone was not associated with reduced mortality in Sweden, using a propensity-scored matching cohort study, [19] and Hernandez et al. also showed that AA use at hospital discharge was not associated with improved morality and increase in the risk of readmission within 30 days in older HF patients. [29] The mechanisms underlying these unanticipated findings may be related to a disparity in some pharmacologic properties of spironolactone and eplerenone (e.g., their effect on cortisol and hemoglobin A1c). [30, 31] Regarding the relatively higher use of AA in our study, there may be some discrepancy between randomized controlled trials and cohort registries. It is still not clear if this difference is true or due to a survey bias among largescale registries. Therefore, a precise, coordinated, prospective study using an identical protocol and the same clinical criteria worldwide (including Western and Oriental populations) is required.
There were several limitations in the present study. First, this was a hospital-based, retrospective, observational study although the findings are representative of national care patterns and outcomes according to the standard population distribution reported in the Korean national census. Our study was limited by the nature of its design. Second, we performed multivariable regression analysis, but other unmeasured and hidden confounding variables such as socioeconomic factors and health-care-system factors may have influenced patient outcomes in the postdischarge period. In Korea, patients usually pay an average of 10-30% of the total medical costs that are covered by public insurance. [32] Therefore, these factors may also be important. Third, the outcomes assessed in this study were restricted to hospital re-hospitalizations and mortality. Other important outcomes, such as health-related quality of life, functional capacity, and the reason for HF patients not receiving the recommended drugs should also be considered as supplemental metrics. Finally, we did not assess non-pharmacological management. Fluid therapy during hospitalization, sodium intake, sleep apnea, and depression should be considered because these factors are associated with the prognosis. Because of the aforementioned limitations, the associations between the pharmacological treatment adherence and outcomes and its causality should be interpreted with caution.
Conclusion
This study presents the first national representative data on performance measures in systolic HF patients in Asia. Adherence to pharmacologic treatment guidelines as determined by performance measures, including prescription of ACEI/ARB and BB at discharge, was associated with improved outcomes in patients with systolic HF in Korea.
